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R ' 

i 

V— 

I 



2 'm 
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z ' 



(A) 



wherein X represents a nitro-substituted aromatic or hetero-aromatic group with a one-electron reduction potential at pH 7 
of from -250 to -500 mV; each of R\ to R' s independently represents hydrogen or an alkyl, hydroxyaikyl, aryl, aralky! or 
alkaryl group; m..is 0 or 1; n is 1..or 2; and.?' represents a leaving -group. which has the potential for expulsion via an 
intramolecular cyclisation reaction; or a physiologically acceptable acid' addition salt thereof: 



NITR0-5UBSTITUTED AROMATIC OR HETERO-AROMAT I C 



COMPOUNDS FOR USE IN CANCER TREATMENT 



This invention relates to ni tro-substi tuted 
aromatic and he te r o-a roma t i c compounds useful in cancer 
treatment. More particularly, it relates to such compounds 
useful in the treatment of cancer patients by radiotherapy 
or chemotherapy, 

G3-A-2 123 816 is concerned with the 
ni t roimidazoles of formula (I): 



R 



N 



NO, 



NCH . 



CKOH) CH N 

n 2 , 



R 



( I ) 



in which R 1 represents hydrogen or an alkyl group such as 
c i ~ C 5 alkyl; R 2 -R 5 represent hydrogen, alkyl such as C 1 -C, 
alkyl, aryl, a r alkyl or alkaryl; and n is 1 or 2. These 
compounds are useful in increasing the sensitivity of 
tumour cells to radiation in radiotherapy and also in 
potentiating or enhancing damage to tumours by 
chemo the r ape*u t i c agents. A variety of processes are 
disclosed for the preparation of these compounds, including 
cyclising a compound of formula (VII): 



'1 



7^ 



NCH,(CHOH) CH,NHCR,R.CR R. Z 



(VII ) 



NO. 



in which R } -R. and n are as defined abovi 
halogen, typically bromine or chlorine. 



ana Z represents 
H o w ever, no 



-2- 

.We have now found that compounds of formula (VII) 
can act as radiosensi tisers and bioreductive agents in 
their own right, as may analogues of these compounds. They 
exhibit differential hypoxic cytotoxicity and may act as' 
chemopotentia to r s . Accordingly, the present invention 
provides compounds of formula (A): 



V 1 *' 2 R 
XCH (CHOH)CH 2 N - C - ( CH ) - C 

R\ R ' 



wherein X represents a ni t r o- subs t i t u t e d aromatic or 
h'etero-aromatic group with a one-electron reduction 
potential at pH 7 ( ; Wardman and Clarke, J Chem Soc 
Faraday Trans I 72 1377-1390 (1976)) of from -250 to -500 
mV; each of R ' 1 to R' 5 independently represents hydrogen or 
an alkyl, hydroxyalkyl , aryl, aralkyl or alkaryl group; m 
is 0 or 1; n is 1 or 2; and Z' represents a leaving group 
which has the potential for expulsion via an intramolecular 
cyclisation reaction; and physiologically acceptable acid 
addition salts thereof; for use in a method of treatment of 
the human or animal body by therapy. 

Certain classes of these compounds are novel. 
The invention' therefore also provides compounds of formula 
(B) : 



„ ?'i ?' 2 ?'< 

XCH 2 (CHOHJ n CH 2 N - C - " < CH. ) - C - Z' ' (3) 

R', R ' , 



wherein X, R', to R'., m, n and Z' are as defined above 
with the proviso that m is 1 when X represents 



N N 

NG 2 

in which R is hydrogen or an alkyl group, R' is hydrogen, 
each of R' 2 to R ' <. independently represents hydrogen, 
alkyl, aryi, aralkyl or alk.aryl and Z' represents halogen 
and X represents 

J \ — 

Y 

each of R' to R' 5 represents hydrogen and Z r is 

O 
ii 

-0-P-OH - 
0 " 

and physiologically acceptable acid addition salts thereof 

Preferably Z' in formulae (A) and (3) is not a 
negatively-charged group such as phosphate. Indeed, 
preferably the compounds of formulae (A) and (B) are not 
negatively-charged but are uncharged. 

An alkyl group is typically a C, -C fi group, 
preferably methyl. A hydroxyalkyl group is typically a 
hydroxy (C v -C, alkyl) group such as hyd r oxyme thy 1 . An ary 
group is typically phenyl. An aralkyl group is typically 
phenyl (C,-C fi ) alkyl group such as benzyl. An alkaryl 
qrouD is tvDicallv a (C.-C. ) Dhenvl qrouo such as methyl- 
substituted phenyl . 

Novel individual compounds are: 
1- ( 2-ni t r o-l- imi da zo lyi )-3-( 2-chloroethylamino)-2-propanol 
hydrochor ide , 

l-(2-nitro-l-imidazolyl)-3-( 2-bromoe thylami no ) -2-propanol 
hydrobrcmide , 

l-(2-nitro-l-imidazolyl )-3-( 2-iodoethylamino) -2-propanol 
hydr iodide , 

l-(2-nitro-l-imidaEolyl)-3-(2-fluoroethylamino)-2-propanol 
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hydrochor ide , 

l-( 2-nit ro-l-imidazolyl ) -3- ( 2-ace toxyethylamino ) -2- 
propanol , 

1- (2-nit ro-l-imidazolyl) -3- (2- trifluoroace toxyethylamino )- 

2- propanol, 

l-(2-methyl-4-nitro-l-imidazolyl)-3-(2-chloroethylamino)-2- 
propanol hydrochoride , 

1- <2-methyl-4-nit ro-l-imidazolyl) -3- ( 2-bromoe thyl amino) -2- . 
propanol hyd r obromide , 

1- (2-methyl-4-nit ro-l-imidazolyl) -3- ( 2-iodoe thylamino ) -2- 
propanol hydriodide , 

1- (2-methyl-5-nit ro-l-imidazolyl) -3- (2-chlo roe thylamino) -2- 
propanol hydrochoride, 

1- (2-methyl-5-nit ro-l-imidazolyl) -3- (2-bromoe thyl ami no) -2- 
propanol hyd r obromide , 

l-(2-methyl-5-nit ro-l-imidazolyl ) -3- (2-iodoe thylamino) -2- 
propanol hydriodide, 

1- (2-methyl-5-nit ro-l-imidazolyl) -3- (2-fiuoroe thylamino ) -2- 
piropanol hydrochoride, 

1- (3-nitro-l, 2,4- triazol-l-yl) - 3 - (2-chloroe thylamino ) -2- 
propanol hydrochoride, 

l-( 3-nitro-l, 2, 4-tria z.ol-1-yl) -3- (2-bromoe thylamino) -2- 
propanol hydrobromide , 

l-( 2-nit ro-l-imidazolyl) -3- ( 3-b r omop ropy 1 ami no ) -2-propanol 
hydrobromide,, 

l-( 2-nit ro-l-imidazolyl )-3-( l-chloro-2-me thyl-2- 

propylamino)-2-propanol hydrochloride, 

l-( 2-nit ro-l-imidazolyl ) -3- ( l-bromo-2-me thyl- 2- 

propylamino ) -2-propanol hydrobromide , 

1 - ( 2 -n i t r o-l - i mi. d a z o 1 y 1 )-3-( dl- threo - 2-chioro-3- 

butylamino )-2-propanol hydrochloride, 

1- (2-nitro-l-imidazolyl)-3-(dl-threo-2-bromo-3-butylamino)- 

2- propanol hydrobromide, 

1- ( 2-ni t ro-l-imidazolyl)- 3- ( 2-chlo ro- 2, 3-dimethyl- 3- 
butylainino)-2-propancl hydrochloride, and 

1- (2-nit ro-l-imidazolyl ) -3- (2-bromo-2 , 3-di me thyl -3 - 



buty lamino ) 



-5- 

-2-propanol hydrobromide 



Group X is a mononi tro-substi tuted ring. It may 
also be substituted by an alkyl group, preferably a C l -C 6 
alkyl group such as methyl. The ring is preferably a 5- or 
6-membered ring incorporating one, two or three nitrogen 
atoms in the ring. More preferred are the groups: 
R R 

«0 2 N °2 

wherein R is hydrogen or an alkyl group such as C, -C 6 
alkyl. Preferred novel classes of compounds are therefore 
compounds of formula (C) and (D): 



N ^ ^ NCH. ( CHOH ) n CH,N C - (CH 2 ) p - C - Z' (C) 



NO 



R ' _ R ' 



R 

N 



A 1 



R ' , R ' . 



2 



^ NCH ( CKOK ) C K N - C - ( CH ) - C - Z' (D) 

R ' , 



no 2 



wherein R, R ' , to R' 5 ", Z' f , m and- n are as defined above 
with the proviso that m is 1 when R r is hydrogen, each of 
R' 2 to R' 5 independently represents hydrogen, alkyl, ary.l, 
aralkyl or aikaryi and Z' represents halogen in formula 
(Or and physiologically acceptable acid addition salts 
the reof . 

When R is alkyl, it is preferably a C L -C, alkyl 
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group and more preferably a methyl group. Preferred values 
for R are hydrogen and methyl. The nitro group is 
preferably in the 2-position when X represents an 
. imidazol-l-yl group or in the 3-position when X represents 
a 1,2,4-triazol-l-yl group. The preferred value for m i s 0 
and for n is 1. 

R 'i t0 R 's are each preferably independently 
hydrogen or c, -C fi alkyl. The preferred alkyl" group is 
methyl. Preferred are compounds in which R ' 1 is hydrogen 
and each of R' 2 to R' s is independently hydrogen or methyl. 
Examples of such compounds are those in which R' is 
hydrogen and R' 2 to R' 5 are each hydrogen or R'/to R' 3 are 
hydrogen and R ' 4 and R' 5 are methyl or R' 2 and R' ( are' 
methyl and R ' , and R'. are hydrogen or R' 2 and R'* are 
methyl and R' 4 and R'. are hydrogen or and R' 2 to 3 R' 5 are 
each methyl. 

Z' represents a leaving-group function which has 
the potential for expulsion via an intramolecular 
cyclisation reaction. For example, Z' may be halogen; 
-OCOR s , -OSOR. , -OS0 2 R 6 , - 0 P0 3 (R 6 ) 2 , or -OP ( 0 ) ( N ( R . ) 2 ) 2 
where R fi is hydrogen, alkyl, haioalkyl, aryl, aralkyl/ 
thioalkyl, acyl or amino; or aryloxy, -0N0. , -NHSO R. , 
-NHCOR,, -NHC0 2 R 7 , -N ( COR. ) 2 or cyclic imide where'.^'is 
hydrogen, alkyl, aryl or aralkyl; or -N + R a R b R c or -N(0)R l 
where R a to R c ^ are independently alkyl or a N-heterocycle 
such as pyridine or imidazole. 

From amongst these, Z' typically may be halogen 
or acyloxy unsubs ti tuted or substituted by halogen. 
Preferred are halogen, C 2 -C 6 alkanoyloxy and per- or 
poly-f lucro-^-Cg. alkanoyloxy . More prefer: ad- .are 
fluorine, chlorine, bromine, iodine, acetcxy and 
trifluoroacetoxy. Most preferred is bromine. 

Acid addition salts of the compounds of formula 
(A) may be salts with any physiologically acceptable acid. 
Examples of suitable acids are inorganic acids* such as 
hydrochloric, hydrobromic and hydriodic acid. Oraanic 



' a R b 



acids may be used. Preferred are hydrohalic acids in which 
the halogen anion corresponds to the halogen denoted by the 
group Z', although this is not essential. Particularly 
preferred compounds are l-(2-nitro-i-imidazolyl)-3-(2- 
bromoe thylamino ) -2-propanol and its salts especially the 
hyd r obr omide . 

A variety of ways can be used to prepare a 
compound of formula (A). A compound of formula (E): 

R *2 

— R' 



3 

XCH. (CHOH) CH N (CH-) ( E > 

v 2 m 

V— K*4 
R, 5 

wherein X, m, n and R' 2 to R' 5 are as defined above, may be 
reacted with a compound of formula (F): 

HZ' (F) 

wherein Z r is as defined above. Compounds of formula (A) 
in which R ' 1 is hydrogen are thus prepared. Reaction is 
typically effected in the presence or absence of an inert 
organic solvent. When an inert organic solvent is used, 
this may suitably be a C 1 -C. alkanol (e.g. methanol or 
ethanol), 2-propanone or other low-boiling alkanone, 
N , N-d imethylfo rmamide or -acetamide, or the like. 
Alternatively, an excess of the reagent of. formula (F) may 
be used, either as the solvent or as an aqueous solution. 
When water is employed as cosolvent or as the solvent for 
one of the reagents, products due to hydrolysis of compound 
(E) are also formed. The reaction may be carried out at 
from 0°C to room temperature. The use of elevated 
temperatures may lead to partial polymerisation, and hence 
lowered product yields. In a preferred procedure, the 
reaction is carried cut at a temperature of from 0 to 10 C C 
using 2-propanone as solvent and 2.0 or more mol 
equivalents of compound (F). 
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Another process for the preparation of compounds 
of formula (A) in which Z' is halogen is via selective or 
partial halogenation of a compound of formula (G): 



XCH 2 (CHOR 8 ) n CH 2 N - C - ( C H 2 ) n - C - OH (G) 



wherein X, m, n and R> 1 to R' 5 are as defined above and R e 
is hydrogen or an O-protecting function (e.g. 2- te t r ahyd ro- 
pyranyl ether or tert-butyldimethylsilyl ether), and 
subsequent removal of the hydroxy protecting group, if 
present. Halogenation may be effected using a variety of 
conventional halogenating reagents. Treatment of a 
compound of formula (G) with, for example, 
chlorotrimethylsilane and sodium iodide in acetonitrile 
solution by a standard procedure ( Synthesi s 1979 379 ; 
J Org Chem 1979 4_4 1247) provides compounds of formula (A)''' 
where Z' is iodine. Analogous treatment of compound (G) 
with bromotrimethylsilane using a literature method 
(Tetrahed Letters 1978 4483) affords compounds of formula 
(A) where Z' is bromine. Reaction of the alcohol (G) with 
hexachloro-2rptopanone and triphenylphosphine in sulpholane 
solution using a general method (see, e.g. J Org Chem 1981 
4J5 824 ) gives compounds of formula (A) where Z- ' i s 
chlorine . 

In a preferred process, a compound of formula (G) 
is treated with a stoichipme.tric,.-.q.uantity of 
dimethylbromosulphonium bromide in N, N-dimethyl f ormamide 
solution at 50°C to yield a compound of formula (A) in 
which Z' is bromine. in a second preferred process, a 
compound of formula (G) is heated to 50 e C with 1.5 moi 
equivalents each of N-bromosuccinimide and 
triphenylphosphine in N ,N-dimethylf ormamide solution to 
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give a compound of formula (A) in which Z is bromine. 

Further, compounds of formula (A) can be prepared 
by reacting a compound of formula (H) or (J): 



XCH.(CHOH) ,CH CH, (H) 



XCH 2 ( CHOK ) n CH 2 -Q ( J ) 



wherein X and n are as defined above and Q is typically 
chlorine or bromine, with a compound of formula (K): 



R ' 



R ' 



R ' 



KN 



C 
t 

R ' 



(CH 2 ) ; 



C 
R' 



( K 



wherein m , R ' to R ' c and Z' are as defined above, or an 
acid addition salt thereof. The reaction is typically 
effected in the presence or absence of an inert organic 
solvent. When an inert organic solvent is used, this may 
suitably be a C, -C alkanol (e.g. methanol or ethanol), 
N , N-dimethylf ormamide or -acetamide, or similar. Reactions 
involving condensation of compounds (J) and (K) may be 
accelerated by the use of 1 mol equivalent of an 
acid-binding agent such as an alkali-metal carbonate (e.g. 
sodium or potassium carbonate) or a tertiary organic amine 
(e.g. pyridine or t r i e thyl ami ne ) . The use of 2 mol 
equivalents of compound "(k) is preferred in such a 
reaction. The reaction may be carried out at room 
temperature or at an elevated temperature. In a preferred 
process, the reaction is carried out in ethanol solution at 
reflux temperature, without using an acid-binding agent. 

In another procedure, a compound of formula (L): 
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X-H ( L ) 



or its metal salt derivative (e.g. X'Na + ), where X is as 
defined above, may be reacted with a compound of formula 



(M) : 



CH 2 -CH(CHOH) n _,CH 2 N - C - (CH, ) 



R ' . p. • 

i 



I 2 a 

R '3 



- C - Z' (M) 



or, alternatively, with a compound of formula (>■■ 



Q-CH 2 (CHOH) n CH 2 N - C - (CH, ) 



I 2 



C - Z' (N) 

( 

R ' . 



where m, n, R ' x to R' s , q and Z' are as defined above. The 
reaction is typically effected in the presence or absence 
of an inert organic solvent. When an inert organic solvent 
is employed, this may suitably be a c x -C 4 alkanol (e.g. 
methanol or.ethanol), N , N-dime thyl f ormami de or -acetamide, 
or. similar. Reactions between compounds of formula (L) and 
(N) may be accelerated by the use of 1 mol of an added 
acid-binding agent, as discussed above. The use of 2 mol 
equivalents of the amine-compound (N) is to be preferred. 

.Either .reaction..m.a.y fee.. carried ; put : .,.at room temperature or 

at elevated temperatures, up to the boiling point of the 
solvent. in a preferred process, the sodio- or lithio-salt 
of a compound of formula (L) is condensed with an eouimolar 
quantity of either ( M ) or ( N ) in methanol or K-,N- 
dimethyl f ormamide solution at 50 C C. 

In a further process, a compound of formula (0): 
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R' 
\ 



■X-CH, (CHOH) CH.NHC - (CH ? ) - C - Z ' (O) 

2 n 2 ( 2 m ) 

R' R' . 



is converted to a compound of formula (P): 



J R ' R ' . R ' . 

X-CH, (CHOH) CH.N - C - ( CK, ) - C - Z' (P) 

2 n <; t ^ t 

R ' . R ' _ 



wherein m, n, R ' , to R' s , X and 2' are as defined above. 
This is typically achieved via N-aikyl at i on or N-arylation 
bv treatment with, for example, (i) a haloalkane (e.g. 
iodomethane, etc), haloalkyl a rene or haloarene at room 
temperature using either acetone or excess reagent as 
solvent (i.e. R' , = alkyl, aralkyl or aryl); (ii) oxirane 
using the. reagent as solvent or, alternatively, in methanol 
or ethanoic acid solution at 0-30 c C (i.e. R ' , = -CH 2 CK 2 OH); 
(iii) me thanal/ace tophenone . ( or other compound containing 
an active hydYogen atom) by Mannich condensation using a 
conventional procedure (i.e. R'. = -CH 2 CH 2 COC. H 5 , or 
similar); (iv) me thanal/sodium cyano t r i hyd r i dobo r a t e by 
reductive alkylation using a standard procedure (see e.g. 
Aldrichimica Acta 19 79 12(2) 3 4) (i.e. R' x = -CH 3 ) . 

Yet further compounds of formula (A) in which m 
is 1 and O respectively and Z r is halogen can be prepared 
by conversion of an unsaturated compound of formula (S): 

X-CH, ( CHOH ) CH. NR ' . CR' , R ' , CH = CR ' t R ' . ( S ) 

or a compound of formula (T): 
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X-CK- ( CHOH) CH-NR ' CR 1 n =CR ' A R ? c ( T) 

2 n 2 1 2 4 5 - 

where X, n and R 1 ^ to R 1 ^ are as defined above. in a 
general procedure ( J Org Chem 1981 4_6 2582 , 3113; Synth 
Comm 1981 11_ 521), a compound of formula (S) or (T) is 
first reacted with di ( cyclohexyl ) borane and subsequently 
treated with chlor amine-T , bromine or iodine monochloride 
to give a compound of formula (A) where Z is chlorine, 
bromine or iodine, respectively. 

The compounds of formula (A) may be converted as 
desired into a physiologically acceptable acid addition 
salt thereof . Preferably, the compounds are isolated as 
such from the reaction mixture. 

The compounds of formula (A) and their salts are 
useful in increasing the sensitivity of tumour cells to 
radiation in radiotherapy and as bioreductive agents. A 
compound is administered to a patient having a radiation 
treatable cancer, prior to or shortly after irradiation of 
the tumour, in an amount effective to increase the 
sensitivity of the tumour cells to the effects of the 
irradiation. 

Any solid tumour, which may have regions where 
cells are radiobiological^ hypoxic and become resistant to 
ionising radiation, may be treated. Examples of such 
tumours are epithelial tumours of the head, neck, thorax 
and abdomen, soft tissue sarcomas and brain tumours. The 
compounds of formula (A) and their salts can therefore be 
employed in the radiotherapy of all such sol id " tumours 
where hypoxic cells are known or suspected to exist. 

The compounds of formula (A) and their salts may 
also be used where an agent having differential hypoxic 
cytotoxicity is required. The compounds can be employed 
for chemopot en t ia t ion of a chemotherapeu t ic agent or as a 
Chemother apeut ic by administration of a compound (A) or 
salt thereof to a patient having a localised or metastatic 
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cancer. Administration is generally carried out prior to 
simultaneously with or after administration of a 
chemothe r apeu t i c agent such as melphalan, cyclophosphamide 
5-f luorouraci 1 , adriamycin or 

CCNU( l-(2-chloroethyl )-3-cyclohexyl-l-nitrosourea) . Any- 
solid tumours, such as above, which are primary or 
secondary deposits, where it is known or suspected that 
hypoxic cells are present can therefore benefit from 
treatment employing a compound of formula (A) or salt 
thereof. 

The compounds of formula (A) and salts thereof 
may be administered orally or intravenously. The amount 
administered depends on factors such as the cancer, the 
condition of the patient and the body weight of the 
patient. Typically, however, doses of 50 to 1000 mg/m 2 of 
a patient's body area may be employed. 

A compound of formula (A) or a physiologically 
acceptable salt thereof may be formulated in a manner 
appropriate to the treatment for which it is to be used by 
bringing it into association with a pharmaceut i cally 
compatible carrier or diluent. The compound may be 
included in a dosage form such as a tablet or capsule, for 
example a capsule comprising known formulation components 
such as one or more of those described in Example A of 
GB-A-2 003 *1§4. The compound may also be formulated for 
intravenous administration e.g. in a saline drip solution. 

The invention therefore also provides a 
pharmaceutical composition comprising a compound of formul 
( a ) or a physiologically acceptable salt thereof and a 
pha rmaceuticaHy- compatible- carrier or diluent. The. 
composition must be sterile and py r ogen-f ree . It may be 
presented in unit dosage form. 

The following Examples illustrate the invention. 
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EXAMFLE 1 

l-(2-Nitro-l-imidazolyl)-3-( 2-chloroe thylamino ) - 2-propanol 
( RB-6144 .) 

(a) A mixture containing l-( 2-ni tro-1-imidazolyi )-3- 

( 1-azi ridino ) -2-propanol (RSU-1069) prepared by the method 
of Adams e t al . [Adams, G.E., Ahmed, I., Gibson, D. and 
Stratford, I.J., GB-A-21 23816 ] (2.12 g, 10.0 mmol) and 
purified by rec rys tall i sa ti on [O'Neill, P., McNeil, S . S 
and Jenkins, T . C . , Biochemical Pharmacology 1967 3J5 1787- 
1792] and acetone (20 cm 3 ) was warmed to 40°C. The 
resulting clear solution was cooled with stirring to 5-10°C 
using an external ice-water bath and treated with a 
saturated solution of hydrogen chloride in acetone (20 
cm 3 ). An exothermic reaction ensued. The reaction mixture 
was treated with decolourising charcoal (0.3 g), filtered 
whilst still warm and allowed to crystallise to give l-(2- 
nitro-l-imidazolyl)-3-~( 2-chloroe thylamino ) - 2-propanol 
hydrochloride (2.66 g, 93%) as a very pale yellow 
crystalline solid, m.p. 153-154°C (dec). 

Rec rys tal 1 i sa t i on from aqueous acetone afforded pale yellow 
prisms of unchanged melting point, after drying in vacuo 
(P 2 0 5 , 0.1 Torr, 25°C for 72 hours). 

Infra-red ( KB r , cm- 1 ) : 
3 4 50(br.sh.' ,-NH 2 + ) f 3 34 5 (br. , OH 1 ) , 31 4 6+3 09 0 ( imid . C- 
H), 3030, 3010, 2975,2945, 2880,2845, 2770, 
2680,2620,2560,2510,2420,1593,1542,1509, 1495, etc. 
Analysis for C fl H 14 N 4 0 3 Cl 2 (M=285.13). 

Calculated: C: 33.70; H: 4.95; N: 19.65; Cl : 24.87%. 
Found: U: ' 3 3". 91 ; H : 5.02;' N : 19.64; Ci : 24.63%. 

( b ) A solution of l-( 2-ni t ro-l-imida zolyl )-3- ( 1- 

azi ridino ) -2-propanol ( 2 . 12 g, 10.0 mmol) in acetone (20 
cm") prepared as described in Example 1(a) was stirred at 
0-5°C using external ice-water coolinq. Concentrated 
aqueous hydrochloric acid (38% w/w HC1 , 2.0 cm 3 ) was added 
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in one portion. The mixture was treated with decolourising 
charcoal (0.3 g), filtered and chilled to give l-(2-nitro- 
l-imidazolyl)-3-(2-chloroethylamino)-2-propanol 
hydrochloride (1.89 g, 66.3%) as a pale yellow 
microcrystalline solid, m.p. 1 5 2 . 5- 1 5 3 . 5° C (dec.) after 
drying _in vacuo . 

EXAMPLE 2 

l-(2-Nitro-l-imidazolyl )-3-( 2-bromoe thylamino )-2-propanol 
(RB 6145 ) 

(a) In a manner analogous to that described in 
Example 1(a) there was obtained by condensation of l-(2- 
nit.ro-1-imidazolyl ) - 3 - ( l-aziridino)-2-propanol with 
anhydrous hydrogen bromide, l-(2-nitro-l-imidazoiyl)-3-(2- 
b r omoe t hy 1 ami no ) - 2 -p r opanol hydrobromide in the form of a 
very pale yellow crystalline solid, m.p. 1 50 . 5-1 51 . 5° C 

( dec. ) ; yield 96% . 

Infra-red ( KB r , cm" 1 ): 
3 4 50 ( b-r . sh. ,NH 2 + ) ,3345(br. , OH ) ,3160+3140+3087(imid. C-H) , 
3045,3010,2975,2940,2930,2900,2835,2775,2760,2678,2640, 
2600,2540,2500,2413,1590,1539,1507, 1493, etc. 
Analysis for C e H. 4 N,O.Br. (M-374.05). 

Calculated: C: 25.69; H: 3.77; N: 14.98; Br: 42.73%. 
Found: C: 25.82; H: 3.80; N : 15.15; Br: 42.49%. 

(b) la a manner analogous to that described in 
Example 1(b) there was obtained by reaction of I-(2-nitro- 
l-imidazolyl)-3-(l-aziridino)-2-propanol with a small 
excess of aqueous hyd r ob r omi c acid (48% w/w KBr) at 0-5° C 
and recrys tallisation from aqueous acetone, 1- ( 2-ni t ro-1- 
imidazolyl ) -.3- ( 2 -b romp ethyl ami no )-2-propanol hydrobromide 
as a pale -yellow crystalline solid, m.p. 150-1 51° C (dec.) 
after drying in vacuo for 72 hours; yield 59*. 

(c) A mixture containing 1 - ( 2-n i t r o- 1 - i mi d a zo 1 y 1 ) - 3 - 
( 2-hydroxye thylamino ) -2-pr opanol ( RSu-il 37 ) prepared as 
described by Silver e t al . [Silver, A.R.J. , McNeil, S.S., 
O'Neill, P., Jenkins, T.C. and Ahmed, i. P Biochemical 
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Pharmacology 1986 3_5 3923-3928 ] (2.30 g, 10.0 mmol ) and 
dimethylbromo-sulphonium bromide (2.22 g, 10.0 mmol) 
prepared by the method of Furukawa et al . [Furukawa, N\ 
Inoue, T., Aida, T. and Oae, S., J. Chem. Soc. Chem. 
Commun. 1973 212 ] in N , N— dime thy 1 f o rmami de (20 cm 3 ) was 
stirred at 50°C for 12 hours. The reaction mixture was 
concentrated in. vacuo , digested in ethanol (10 cm 3 ) and 
separated by preparative column chromatography using silica 
gel as the stationary phase and chlorof orm-me thanol (9:1 
v/v) as eluant. 1- ( 2-Ni t ro-l-imidazolyl ) -3- ( 2- 
bromoethylamino )-2-propanol hydrobromide (0.68 g, 18.2%) 
was obtained as a yellow solid, m.p. 1 4 8 . 5-1 5 0 . 5° C after 
treatment of the eluate with ethereal hydrogen bromide. 

EXAMPLE 3 

l-( 2-Ni t ro-l-imidazolyl )- 3- ( 2- iodoethyl ami no )-2-propanol 
(RB-6146 ) 

In a manner analogous to that described in 
Example 1(b) there was obtained by reaction of 1- ( 2-n i t ro- * 

1- imidazolyl )-3-( 1-azi ridino ) -2-propanol with aqueous 
hydriodic acid (57% w/w HI) at 0-5°C and rec rys tal 1 i sa t i on 
from water, l-(2-nitro-l-imidazolyl)-3-( 2- iodoethyl ami no:.) - 

2- propanol hydriodide as a yellow mi c r oc rys t a 1 1 i ne solid, 
m.p. 172-173°C (dec.) after drying in vacuo ; yield 51%. 
Analysis for C 8 H 14 N 4 0 3 I 2 (M-468.04). 

Calculated: C: 20.53; K: 3.02; N: 11.97; I: 54.23%. 
Found: C: 21.02; H: 3.11; K T : 12.12; I: 53.26 %. 

EXAMPLE 4 

1- ( 2-Ni t ro-l-imidazolyl )-3- ( 2-f luo roe thy 1 amine ) -2-propanol 
(R5-6159 ) 

(a) A mixture of 1- ( 2 , 3-epoxypr opyl ) - 2-n i t r 0 i mi da z ol e 

prepared by the method described by Seaman et a 1 . [Seaman, 
A.G., Tautz, W. and Duschinsky, R., 1968; Studies in the 
Ni troimidazole Series. Ill, Antimicrobial Agents and 
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Chemothe rapy , pp. 520-53 0] (4.00 g, 23.7 mmol ) , 2-fluoro- 
e thylammonium chloride (5.00 g, 50.2 mmol) and sodium 
hydroxide (2.00 g, 50.0 mmol) in ethanol (60 cm 3 ) was 
stirred at 15°C for 30 minutes then heated under reflux for 
3 hours. The reaction mixture was then treated with 
decolourising charcoal (0.5 g), cooled and filtered. 
Concentration under reduced pressure afforded a pale yellow 
oil which was dissolved in ethanol (20 cm 3 ) and treated 
with a small excess of anhydrous ethereal hydrogen chloride 
to give l-(2-nitro-l-imidazolyl)-3-(2-fluorcethy 1 amino )-2- 
propanol hydrochloride in the form of a pale yellow 
crystalline solid (4.38 g, 63.9%) after r ec rys ta 1 1 i sa t i on 
from aqueous ethanol, m.p. 178-179° C (dec.) after drying in 
vacuo . 

Analysis for c g H, 4 N,0,FC1 (M=263.67). 

Calculated: C: 35.76 ; H: 5.25; N: 20.85; F: 7.07; Cl : 
13.20%. 

Found: C: 35.41; H: 5.17; N: 20.65; F: 5.90; Cl: 

13.38%. 

(b) In a manner analogous to that described in 

Example 1(b) there was obtained by reaction of 1- ( 2-ni t r o- 
l-imidazolyl)-3-(l-aziridinc)-2-propanol with aqueous 
hydrofluoric acid (48% w/w HF) at 0-5°C, 1- < 2-ni t ro-1- 
imidazolyl ) - 3- ( 2-fluoroethyiamino)-2-propanoi hydrochloride 
after stirring with cold ethanolic sodium hydroxide (1.0 
mol equivalent) and decolourising charcoal for 15 minutes, 
filtration and treatment with a small excess of ethereal 
hydrogen chloride; yield 41%, m.p. 177-179 C C (dec). 

. EXAMPLE -5- 



l-(2-Nitro~l-imidazolyl)-3-(2-acetoxyethylamino)--2-propanol 

A solution of 1- ( 2-ni t ro-l-imidazclyl ) -3- ( 1- 
aziridino)-2-propanol (2.12 g, 10.0 mmol) in acetone (20 
cm J ) prepared as described in Example 1(a) was treated with 
ethanoic acid (2.5 mol equivalents) at 2 5 7 C then warmed to 
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50°C for 15 minutes. The resulting mixture was cooled to 
20°C, stirred with decolourising charcoal (0.3g) and excess 
anhydrous potassium carbonate for 30 minutes, filtered and 
concentrated under reduced pressure to give 1- ( 2-ni t ro-1- 
imidazolyl)-3-( 2 -a ce toxye thy 1 ami no )-2-propanol (1.58 g, 
58.0%) in the form of a pale yellow crystalline solid. 

EXAMPLE 6 

1- (2-Nitro-l-imidazolyl)-3-( 2 - 1 r i f luo r oac e t oxye thy 1 ami no )- 

2- propanol 

In a manner analogous to that described in 
Example 5 there was obtained from reaction of 1- ( 2-ni tro-i- 
imidazolyl)-3-(l-aziridino)-2-propanol with 
trifluoroethanoic acid, l-(2-nitro-l-imidazolyl)-3-(2- 
tr i f luoroacetoxyethylamino ) -2-propanol as a yellow oil; 
yield 43% . 

EXAMPLE 7 

l-( 2-Methyl-4-ni t ro-l-imidazolyl ) - 3- ( 2-chl o r oe t hy 1 ami no ) - 2- 
propanol 

In a manner' analogous to that described in 
Example 1(b) there was obtained by condensation of l-(2- 
me thyl-4-ni t ro-l-imidazolyl )-3-(l-aziridino ) -2-propanol 
[Adams, G.E.? Ahmed, I., Gibson, D. and Stratford, r.j., 
GB-A-2123816 ; Ahmed, I., Jenkins, T.C., Walling, J.H., 
Stratford, I.J., Sheldon, P.w., Adams, G . E . and 
Fielden, E.M., Int. J. Radiat. Oncol. Biol. Phys . 19 8 6 12 
1079-1081] with aqueous hydrochloric acid at 0-5° C, l-(2- 
me thy 1-4 -nit ro-l-imidazolyl ) -3- ( 2-ch lor oe thy 1 ami no ) -2- 
propanol hydrochloride as very pale yellow prisms, after 
recrystallisation from ethanol and drying in vacuo ; yield 
67%. ' 

Analysis for C 9 H i6 N d 0 3 Cl 2 (M=299.16). 

Calculated: C: 36.13; H: 5.39; N : : 13.73; Cl: 23.70 ? c. 



Found : 
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C: 35.89; H: 5.47; N: 18.86; CI: 24.04%. 



EXAMPLE 8 

1- ( 2 -Me thy 1-4-ni tro-l-imidazolyl ) - 3- ( 2-bromoe t hy la mi no ) - 2- 
propanol 

In a manner analogous to that described in 
Example 2(b) there was obtained by reaction of 1 - ( 2 -me thy 1 
4-nitro-l-imidazolyl )-3-(l-aziridino)-2-propanol with 
excess aqueous hydrobromic acid at 0-5°C, 1- ( 2-me thyl-4- 
nitro-l-imidazolyl )-3-(2-bromoethylamino)-2-propanol 
hyd r obromide as a cream-coloured mi c roc ry s tal 1 i ne solid; 
yield 45%. 

EXAMPLE 9 

l-(2-Methyl-4-nitro-l-imidazolyl)-3-(2-iodoethylamino)-2- 
p r opanol 

In a manner analogous to that described in 
Example 3 there was obtained by condensation of 1 - ( 2 - 
methyl-4-nitro-l-imidazolyl ) - 3- ( l-aziridino)-2-propanol 
with aqueous hyd r iodic acid, l-{2-methyl-4-nitro-l- 
imidazolyl)-3~(2-iodoethylamino)-2-propanol hydriodide as 
yellow crystalline solid; yield 52%. 

EXAMPLE 10 

l-(2-Methyl-5-nitro-l-imidazolyl)-3-(2-halo-ethylamino-2- 
p r opanol :( halo = Cl,3r, I or F ) 

These compounds . are preparable as the acid salts 
by reaction of l-(2-methyl-5-nitro-l-imidazolyl)-3-(l- 
azi r idino ) -2-propanol prepared by the method of Adams et 
al . [Adams, G.E., Ahmed, I., Gibson, D. and Stratford, 
I.J., GB-A-2123816 ; Ahmed, I., Jenkins, T.C., Walling, 
J.M., Stratford, I.J., Sheldon, P.W., Adams, G.E. and 
Fielden, E.M., Int. J. Radiat. Oncol. Biol. Phys . 1985 12 
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1079-1081] with the appropriate aqueous hydrohalic acid o 
anhydrous hydrogen halide in either acetone or ethanol 
solution at 0-5°C, following the procedures described in 
Examples 1-4, by analogy with the processes described in 
Examples 8 to 10. 

EXAMPLE 11 

1- ( 3-Nitro-l , 2 , 4-triazol-l-yl )-3-( 2-chloroethy lamino ) -2- 
propanol 

In a manner analogous to that described in 
Example 1(b) there was obtained by treatment of l-(3-nitro 
1,2, 4-triazol-l-yl )-3-(l-aziridino ) -2-propanol [ Shibamoto , 
Y., Sakano, K., Kimura, R . , Nishidai, T . , Nishimoto, S.-I. 
One, K., Kagiya, T. and Abe, M. Int. J. Radiat. Oncol. 
Biol. Phys . 1986 1_2 1063-1066] with aqueous hydrochloric 
acid'at 25°C, 1- ( 3-ni tro-1 , 2 , 4-triazol-l-yl ) -3- ( 2- 
chloroe thylamino ) -2-propanol hydrochloride as colourless 
prisms, m.p. 179-180°C; yield 85%. 
Analysis for C 7 H 13 N 5 0 3 Cl 2 (M-286.12). 

Calculated: C: 29.39 ; H: 4.58; N: 24.4 8; Cl : 24.78%. 
Found: C: 29.62; H: 4.83; N : 24.74; Cl: 24.18%. 

EXAMPLE 12 

1- ( 3-Ni tro-1 ,2, 4-triazol-l-yl )-3-( 2-bromoe thy 1 ami no ) - 

2- propanol 

In a manner analogous to that described in 
Example 2(b) there was obtained by reaction of 
l-C3.-ni tro-1 ,..2 , 4 r txiazpl-l-yl ) -3- ( 1-az i ridino ) -2-propanol 
with aqueous hydrobromic acid, 1- ( 3-ni t ro-i , 2 , 4- t r i azol-1- 
yl )-3-( 2 -bromoe thy 1 ami no ) -2-propanol hyd robr omide in the 
form of hygroscopic colourless prisms, m.p. 128-129°C; 
yield63%. 

Analysis for C,H l3 N 5 0 3 Br 2 (M=375.03). 

Calculated: C: 22.42; H: 3.49; N: 18.67; Br: 42.61%. 



Found : 
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C: 22.59; H: 3.52; N: 19.08; Br: 42.06%. 



EXAMPLE 13 

1- ( 2-Ni tro-l-imidazolyl ) -3- ( 3-b romop ropylamino )-2-propanol 

A solution containing 3-bromopropylammonium 
bromide (6.47 g, 29.6 mmol) and sodium hydroxide (1.18 g, 

29.5 mmol) in ethanoi (40 cm 3 ) was stirred at 20°C; after 1 
hour, diethyl ether (40 cm 3 ) was added and the mixture 
filtered. 1- ( 2 , 3-epoxypr opyl )-2-nitroimidazole (5.00 g , 

29.6 mmol) was added to the filtrate and the solution 
heated to reflux for 45 minutes. The reaction mixture was 
then treated with decolourising charcoal (0.5 g), filtered, 
concentrated under reduced pressure and treated with 
aqueous hydrobromic acid (481 w/w HB r , 2.0 cm 3 ). The solid 
which appeared upon refrigeration was r e c ry s tal 1 i s ed from 
aqueous ethanoi to give l-( 2-ni t ro-1-imidazoiyl ) -3- ( 3- 
bromopropylamino ) -2-propanol hydrobromide (6.87 g, 59.9%) 
as a hygroscopic yellow crystalline solid. 

EXAMPLE 1 4 

l-(2-Nitro-l-imidazolyl)-3-( l-chloro-2-me thyl-2- 
propylamino) -2-propanol 

tr\ a manner analogous to that described in 
Example 1(b) there was obtained following condensation of 
l-(2-nitro-l-imidazolyl)-3-(2 f 2-dimethyl-l-aziridino)-2- 
propanol prepared by the method described by Adams e t al . 
[Adams, G.E., Ahmed, I., Gibson, D. and Stratford, I.J., 
GB-A-2123816 ] with""" aqueous hydrochloric acid at 40° C, 
l-(2-nitro-l-imidazolyl)-3-( 1 - chl o r o- 2 -me t hy 1 -2 - 
propylamino ) -2-propanol hydrochloride as colourless prisms, 
m.p. 196 . 5-198° C (dec.) after rec rys tall i sat ion from 
aqueous acetone containing 0.5% v/v aqueous hydrochloric 
acid; yield 78%. 

Analysis for C i 0 H ^ £ N C: O 3 C 1 2 (M=313.19). 
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Calculated: C: 38.35 ; H: 5.79; N: 17.89; Cl : 22.64%. 
Fou nd: C: 38.24 ; H: 5.85; N: 17.82; Cl : 22.41%. 

EXAMPLE 15 

1- ( 2-Nitro-l-imidazolyl )-3-( l-bromo-2-methyl-2- 
propylamino ) -2-propanol 

In a manner analogous to that, described in 
Example 2(b) there was obtained from reaction of 
l_(2-nitro-l-imidazolyl)-3-(2 , 2-dimethyl-l-azi ridino ) - 

2- propanol with aqueous hydrobromic acid at 40 S C, 
l-( 2-nitro-l-imidazolyl)-3-( l-bromo-2-me thyl-2- 
propylamino)-2-propanol hydrobromide as very pale yellow 
prisms, m.p- 186-187°C (dec); yield 82% 

Analysis for C, „ H x 8 N 4 0 3 B r 2 (M=402.10). 

Calculated: C: 29.87; H: 4.51; N: 13.93; Br: 39.75%. 
Found: C: 29.92; H: 4.58; N: 13.91; Br: 39.23%. 

EXAMPLE 16 

l-( 2-Nitro-l-imidazolyl ) -3- ( dl- threo-2-chlo r o- 3- 
butylamino) -2-propanol 

In a manner analogous to that described in 
Example Kb) there was obtained by condensation of 

1- (2-nitro-l-imidazolyl ) -3-( cis -2 , 3-d i me thy 1-1- 
aziridino)-2-propanol prepared by the method described by 
Adams et al . '[Adams, G.E., Ahmed, I., Gibson, D. and 
Stratford, I. J., G3-A-2123816 ] with aqueous hydrochloric 
acid at 20 C C, 1- ( 2-ni t r o-l-imidazolyl ) - 3- ( dl-threo- 

2- chloro-3-butylamino )-2-propanol hydrochloride as 
colourless, prisms, m.p, . 1 3.8,. .5-1 3 9 c C (dec. ) after 
recrystallisation from ethanol; yield 73%. 

EXAMPLE 17 

l-( 2-Ki tr o-l-imidazolyl )- 3- (dl -three- 2-bromc- 3- 
butvlami no ) -2-propanol 



in 

o t 



-23- 

In a manner analogous to that described in 
Example 2(b) there was obtained by reaction of 
l-(2-nitro-l-imidazolyl )-3-( cis -2 , 3 -dime thy 1-1- 
aziridino)-2-propanol with aqueous hydrobromic acid at 
2 0° C, frn-l-imidazolvl ) -3- ( dl- threo -2-bromo- 

3-butylamino)-2-propanol hydrobromide as pale yellow 
prisms, m.p. 1 43-14 4°C (dec); yield 78%. 

EXAMPLE 18 

l-( 2-N-itro-l-imidazolyl)-3-(2-chloro-2, 3-dimethyl- 3- 
butylamino)-2-propanol 

In a manner analogous to that described 
Example 1(b) there was obtained by reaction 
l-( 2-nitro-l-imidazolyl )-3-( 2, 2 , 3 , 3-tetramethyl-l- 
aziridino)-2-propanol synthesised by the general method 
outlined by Ahmed et al . [Ahmed, I., Jenkins, T.C., 
Walling, J.M., Stratford, I. J., Sheldon, P.W., Adams, G.E. 
and Fielden, E.M., Tnr. . J. Radiat. Oncol. Biol. P hys . 1986 
12 1079-1081] with excess aqueous hydrochloric acid at 
Jo"° Cf !_( 2-nitro-l-imidazolyl ) -3- (2-chloro-2, 3-dimethyl- 
3-butylamino)-2-propanol hydrochloride as a colourless 
microcrystalline solid, m.p. 183-184°C (dec.) after 
recrystallisation from aqueous acetone; yield 61%. 

EXAMPLE 19 

l-( 2-Nitro-l-imidazolyl ) -3- ( 2-bromo- 2 , 3 -dimethyl - 3- 

butylamino ) -2-propanol 

. m--a~ manner analogous to that described in 

Example 2(b) there was obtained following condensation of 
l-( 2-nitro-l-imidazolyl )- 3- ( 2,2, 3, 3- tetrame thy 1-1- 
aziridino)-2-propanol with aqueous hydrobromic acid, 
l-( 2-nitro-l-imidazolyl ) -3- ( 2-bromo-2, 3-d ime thy 1-3- 
butylamino)-2-propanol hydrobromide as pale yellow prisms, 
m.p. 163-164 e C (dec.) after evaporation to low volume and 
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recrys tallisation from aqueous acetone; yield 56%. 
Analysis for C 12 H 22 N 4 0 3 Br 2 (M=430.15). 

Calculated: C: 33.51; H: 5.16; N: 13.03; Br: 37.15%. 
Found: C: 33.80; H: 5.28; N: 12.79; Br: 36.83%, 

EXAMPLE 20 

1- (2-Nitro-l-imidazolyl)-3-( l-bromo-2-me thyl-2-propylamino ) 
-2-propanol 

(a) In a manner analogous to the method described by 
Silver e t al . [Silver. A.R.J. , McNeil, S.S., O'Neill, P.,. 
Jenkins, T.C. and Ahmed, I., Biochemical Pharmacology 1986 
35 3923-3928], l-(2-nitro-l-imidazolyl)-3-( l-hydroxy-2- 

me thyl-2-propylamino ) -2-propanol was obtained as very pale 
yellow prisms, m.p. 1 1 4 . 5-1 1 5 . 5° C after recrys tall i sation 
from ethanol; yield 81%. 

(b) A mixture containing the alcohol prepared as 
described in (a) above (2.58 g, 10.0 mmol), 
N-bromosuccinimide (2.67g, 15.0 mmol) and 

t r iphenylphosphine (3.93 g, 15.0 mmol) in 

N, N-dimethylf ormamide (50 cm") was stirred at 50°C for 1.5 
hours. The reaction mixture was then concentrated under 
reduced pressure, digested in ethanol (20 cm" 5 ), filtered 
and separated by preparative column chromatography using 
silica gel as the stationary phase and chlorof orm-me thanol 
(9:1 v/v ) as* eluant. 1 - ( 2-Ni t r o- 1 - imi da zol y 1 ) - 3- ( 1 -b r omo- 

2 - me thyl-2-pr opylamino ) -2-propanol hydrobromide was 
obtained as a yellow crystalline solid (1.09 g, 27.1%), 
m.p. 181-184°C (dec) after treatment of the eluate with a 
small excess .of ethereal hydrogen bromide. 

EXAMPLE 21 

Sensiti sation and Toxicity 

(a) C3H mice in which the KHT tumour had been 
implanted subcutaneous ly were administered R 5 - 6 1 4 5 (Example 
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2) intraperitoneal^ before treatment with radiation. The 
time before such treatment at which' the drug was 
administered was such that maximum enhancement was 
effected. The results of such treatment are set out in 
Table 1 with comparison to misonidazole (MISO), etanidazole 
(SR 2508) and pimonidazole ( Ro 03-8799). In Table 2 
comparison is made with 1- ( 2-ni t r o-l- imidazoly 1 ) - 3- ( 1- 
aziridino)-2-propanol (RSU-1069). All compounds were 
administered in phosphate buffered saline (PBS) at pH 7.4 
except RB-6145 which was administered in PBS at pH 5.4. 

TABLE 1 

Survival of KKT tumour cells following treatme nt with 
sensitiser at a dose of 200 mg/kg and 10 Gv x-r ays 

NONE MI SO SR 2508 Ro03-8799 RB-614 

o..in- 2 t ivir," 2 l i xio" 2 3xl0" 2 1.8x10" 
surviving fraction 3x10 l.zxlU l.ixiu 

enhancement ratio 1.0 1.5 1.6 i-0 2./ 

TABLE 2 

Survival of KKT tumour cells following treatme nt with 
sensitiser and 10 Gv X-rays 

RB-6145 (Examole 2 ) RSU-1069 

Dose survi- 



(mg/kg) ving mmol kg" (mg/kg) ving 

fraction 



Dose. survi 

_ l 

mmol kg 

fraction 
O.B0 300 1.4 x 10 

0 . 53 200 1.8 x 10 



_ 3 



0.27 100 5.2 x 10" 



0.13 50 7.6x10' 



0.38 80 1.6x 10' 

0.26 50 3.2 x 10" 

0.14 30 4.0x10" 

0.04 8 7.6x10" 
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The* surviving fraction for 10 Gy alone is 3 x 
10" 2 . The maximum dose used was the maximum tolerated dose 
(MTD). Much higher doses of RB-6145 can be used but on- a 
dose-f or-dose basis it is the same as RSU-1069 as a 
sensi tiser , 

(b) Sensi ti sation and toxicity data for some of 
the compounds described in the above Examples are given in 
Table 3. 




CH 2 CH(OH)CH 2 NH CH 2 CH 2 Z ' 



TABLE 3 



EXAMPLE Compound 



4 
1 
2 
3 



RSU-1137 
RB-6159 
RB-614 4 
RB-6145 
RB-6146 



Z ' c Ai r ( a ) 

/mmol dm" 3 

OH 7 0 

F 3 5 

CI 5 

Br 2.3 

I 2.4 



N 2 (a) 
/mmol dm 
3 . 5 
2 . 5 
0.35 
0 . 09 
0 . 08 



- 3 



EXAMPLE . r /C„ 



b ) 



( c ) 



4 
1. 
2 
3 



20 
14 

25 
30 



'1 . 6 



/mmol dm" 

0 . 45 

ND 

0.25 

0.15 

0.3 



in vivo sensiti sation 



ND 
+ + 

4- -r + + 

ND 



(a) Toxicity is 3 hours at 37°C. 
are those required for a surviving fraction of 10 
were made up in full growth medium (buffered with 



:oncent rations 
l ~ 1 Druos 
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bicarbonate) just before addition to cells. 

(b) Drugs made up in PBS at pH 7.4 just before 
addition to cells. 

(c) Scoring system: 
equal or greater efficiency than RSU-1069 
less than RSU-1069 but greater than MISO 
equal to KISO 
less than MISO 
not determined* 
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CLAIMS 
1. A compound of formula (A): 



XCH 2 (CHO.H) n CH 2 N - C - (CH,) m - C - Z' 

R r , R'c 



wherein X represents a ni t ro-substi tuted aromatic or 
hetero-aromatic group with a one-electron reduction 
potential at pH 7 of from -250 to -500 mV; each of R', to 
R f independently represents hydrogen or an alkyl, 
hydroxyalkyl , aryl, aralkyl or alkaryl group; m is 0 or 1; 
n is 1 or 2; and Z' represents a leaving group which has 
the potential for expulsion via an intramolecular 
cyclisation reaction; or a physiologically acceptable acid 
addition salt thereof; for use in a method of treatment of 
the human or animal body by therapy. 

2. A compound according to claim 1, wherein X is 
substituted by an alkyl group. 

3. A compound according to claim 1 or 2, wherein 
the aromatic ring of X is a 5- or 6-membered ring 
incorporating one, two or three nitrogen atoms in the ring. 

.4. A compound according to claim 3, wherein X is 
one of the groups: r r 

V"~ >^ 

N0 2 N0 2 

wherein R is hydrogen or an alkyl group. 

5. A compound according to any one of the 
preceding claims, wherein m is 0. 

6. A compound according to any one of the 
preceding claims, wherein n is 1. 

1. A compound according to any one of the 
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preceding claims, wherein each of R' x to R' 5 independently 
represents hydrogen or C x -C 6 alkyl. 

8. A compound according to claim 7, wherein R ' . 
is hydrogen and each of R' 2 and R' 5 is independently 
hydrogen or methyl. 

9. A compound according to any one of the 
preceding claims wherein Z' is halogen; -OCOR. , -OSOR 6 , 
-OSO.R,, -OP0 3 (R 6 ) 2 , or -OP ( O ) ( N ( R fi ) 2 ) 2 where R 6 is 
hydrogen, alkyl, haloalkyl, aryl, aralkyl, thioalkyl, acyl 
or amino; or aryloxy, -0N0 2 , -NHS0 2 R 7 , — NKCOR 7 , -NHC0 2 R, , 
-N(COR-) or cyclic imide where R 7 is hydrogen, alkyl, ary 
or aralkyl; or -N + R a R b R c or -N ( 0 ) R a R b where R a to R c are 
independently alkyl or a N-he te rocycl e . 

10. A compound according to claim 9, wherein Z' 
is- a halogen or acyloxy unsubs t i tuted or substituted by a 
halogen . 

11. A compound according to claim 1, which is o 
f o rmul a ( 3 ) : 



R ' , R ' „ * 4 

XCH (CHOH) CH.N - C - ( CH ) ^ - C - Z' (B) 

2 r. * , 4i- | 

R ' . 



wherein X , n R ' x to R' 5 , m , n and Z' are as defined in any 
one of the preceding claims with the proviso that m is 1 



when X represents R 



Nv N 



N0 2 



in which R is hydrogen or an alkyl group, R ' , is hydrogen, 
each of R' to R ' . independently represents hydrogen, ■ 
.alkyl, aryl, aralkyl or alkaryl and Z' represents halogen 
and when X represents 
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N0 2 



each of R' to R' 5 represents hydrogen and Z' is 



O 

K 

-O-P-OH 
I 

O". 



12. A compound according to any one of the 
preceding claims, which is in the form of a salt with 
hydrochloric, hydrobromic or hydriodic acid. 

13. A compound according to claim 1, which is: 
l-( 2-nitro-l-imidazolyl )-3-( 2-chloroethylamino )-2-propanol 
hydrochor ide , 

l-( 2-nitro-l-imidazolyl )- 3- ( 2-bromoe thy lami no) -2-propano.l 
hydrobromide , 

l-( 2-nitro-l-imidazolyl )- 3- ( 2-iodoe thylamino ) -2-propanol 
hydr iodide , 

l-( 2-nitro-l-imidazolyl ) -3- ( 2- f luo roe thy lami no )- 2-propanol 
hydr ocho ride , 

l-( 2-nitro-l-imidazolyl ) -3- ( 2-acetoxye thylamino ) -2- 
propanol , 

1- ( 2-nitro-l-imidazolyl )- 3- ( 2-tri f luo roacetoxye thylamino ) - 

2- propanol , 

l-( 2-methyl-4-nitro-l-imidazolyl ) - 3- ( 2- chl o r oe t hy 1 ami no ) -2 
propanol hydrochloride, 

l-( 2-me thy 1-4-ni t ro-l-imi dazolyl )- 3- ( 2-bromoe thy lami no ) -2- 
propanoi hydrobromide, 

l-( 2-me thyl-4-nit ro-l-imi dazolyl ) -3- ( 2-iodoe thylamino ) -2- 
propanoi hydr iodide , 

T-(2-met^ Y ~ 2 
propanol hydrochor ide f 

l-( 2-me thyi-5-nit ro-l-imi dazolyl ) -3- ( 2-bromoe thylamino ) -2- 
propanoi hydrobromide, 

l-( 2-me thy 1-5-nit ro-l-imi dazolyl )- 3- ( 2-iodoe thy lami no ) -2- 
propanci hydriodide, 
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l-(2-methyl-5-nitro-l-imidazolyl)-3-(2-fluoroethylamino)-2 
propanol hydrochor ide , 

l-(3-nitro-l,2,4-triazol-l-yl)-3-(2-chioroethylamino)-2- 
propanol hydrochor ide , 

l-(3-nitro-l,2,4-triazol-l-yl)-3-( 2-bromoethylamino ) -2- 
propanol hydrobr omide , 

l-(2-nitro-l-imidazolyl)-3-(3-bromopropylamino)-2-propanol 
hydrobromide , 

l_(2-nitro-l-imidazolyl)-3-( l-chloro-2~me thyl^- 
propylaminoj^-propanol hydrochloride , 
l-(2-nitro-l-imidazolyl)-3-( l-bromo-2-me thy 1-2- 
propy 1 amino )-2-propanol hydrobromide , 
l-(2-nitro-l-imidazolyl) - 3- ( dl - threo - 2-chlorc-3- 
butylamino )-2-propanol hydrochloride, 

1- ( 2-nitro-l-imidazolyl )-3-( dl - threo -2-bromo-3-butylamino ) 

2 - propanol hydrobromide , 

l-( 2-nitro-l-imidazolyl )-3-(2-chloro-2 , 3-di me thy 1-3 - 
butylamino)-2-propanoi hydrochloride, or 
l-( 2-nitro-l-imidazoiyl ) - 3 - ( 2-bromo-2 , 3 -d i me t by 1 - 3 - 
butylamino ) -2-propanoI hydrobromide. 

14. A compound of formula (3): 



xck cqnoH 



R ' 
i 

CH, N 



R ' 

i 

. C 
i 

R ' 



r w ) 

w "2 ' m 



R' . 
c - 
R ' - 



Z ' 



B) 



wherein X, R ' x to R' 5 , ni, n and Z' are as defined in any 
one' of claims r tu^ 10-wi t h the- proviso that m is 1 when X 
represents ^ 

m 

N0 2 

in which R is hydrogen or an alkyl group, R ' 1 is hydrogen, 
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each of R' 2 to R' 5 independently represents hydrogen, 
alkyl, aryl, aralkyl or alkaryl and Z ' represents halogen 

and when X represents 

N v N — 



1 

NO 



2 



each of R' x to R f 5 represents hydrogen and Z' is 



O 
it 

-0-P-OH 



0- 



r a physiologically acceptable acid addition salt thereof. 

•15. A compound according to claim 14, which is 
in the form of a salt with hyd rochl o r i c , ' hyd r obr omi c or 

hydriodic acid. 

16. A compound according to claim 14, 

specifically mentioned in claim 13. 

17. A process for the preparation of a compound 
as defined in claim 14, wherein R', is hydrogen which 
comprises reacting a compound of formula (E): 

R ' „ 



-R' 



X.CH 2 (CHOH) n CH,N^ /(CH ^ 

4 



X ( E) 



2'm 
R' 



R, 5 



wherein X, m, n and R' 2 to R', are as defined in claim 14, 
with a compound of formula (F): 

HZ' (F) 

wherein Z' is as defined in claim 14, and if desired 
converting the compound of formula (3) thus obtained into a 
physiologically acceptable acid addition salt thereof. 

18. A process for the preparation of a compound 
as defined in claim 14, wherein Z ' is a halogen which 
comorises selectively or partially halogenating a compound 



of formula (G) 
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R ' , R' R'< 

1 | 2 i •» 

XCH, (CHOR. )CH,N - C - ( CH ) - C - OH (G) 

R' . R ' . 



wherein X, m, n and R ' x to R' 5 are as defined in claim 14 
and R 8 is hydrogen or an O-protecting function, and 
subsequently removing the hydroxy protecting group, if 
present, and if desired converting the compound of formula 
(B) thus obtained into a physiologically acceptable acid 
addition salt thereof. 

19. A process for the preparation of a compound 
as defined in claim 14, which comprises reacting a compound 
of formula ( H ) or ( J ) : 



XCH 2 ( CHOH ) n _ 1 CH ^> CH 2 ( H 



XCH. ( CHOH ) R CH 2 -Q ( J ) 



wherein X and n are as defined in claim 14 and Q is 
chlorine or bromine, with a compound of formula (K) 



HN - C - ( CH, ) - C - Z ' ( K ) 



i 



Rf 3 * 5 

wherein m, R' to R f t and Z' are as defined in claim 14, o: 
an acid addition salt thereof; and if desired converting 
the comoound of formula (B) thus obtained into a 
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physiologically acceptable acid addition salt thereof. 

20, A process for the preparation of a compound 
as defined in claim 14, which comprises reacting a compound 
of f o rmula ( L ) : 

X-H (L) 

or its metal salt derivative wherein X is as defined in 
claim 14, with a compound of formula (M): 



CH,-CH(CHOH) ,CH.N - C - ( CH ) - C - Z' (K) 

R' 3 R' 5 



>r, alternatively, with a compound of formula (N): 



R ' R ' , R ' A 

Q-CH 2 (CHOH ) n CH 2 N - C - (CH 2 ) w - C - Z' 

R r , R ' - 



(N- 



wherein m,,n, R\ to R' 5 , Q and Z' are as defined in claim 
14, and if desired converting the compound of formula (B) 
thus obtained into a physiologically acceptable acid 
addition salt thereof. 

21. A process for the preparation of a compound 
as defined,. ,in- . claim.. ,1.4 , ...which comprises N-alkylating or 
N-arylating a compound of formula (O): 



X-CH,(CHOH) CH.NKC - (CH, )_ C - - (0) 

R ' , R \ 
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wherean m, n f R' 2 to R ' - , X and Z' are as defined in claim 
14, to obtain a compound of formula (P): 



■CK 2 (CHOH) n CH 2 N - C - (CH 2 ) B - C - Z' (?) 

R ' , R ' B 



wherein m, n, R' 2 to R' 5 , X and Z' are as defined above and 
R' is as defined in claim 14, and if desired converting 
the compound of formula (B) thus obtained into a 
physiologically acceptable acid addition salt thereof. 

22. A process for the preparation of a compound 
as defined in claim 14, in which Z' is chlorine, bromine or 
iodine which comprises reacting a compound of formula (S): 

X-CH {CRO'A) CH, NR ' , CR'R'CH = CR' . R ' - < s ) 

2 P. £ 1 2 1 ~> 

or a compound of formula (T) : 

X-CH. (CHOH) n CH 2 NR' 1 CR' 2 =CR' 4 R' ; (T) 

wherein X, n and R', to R ' . are as defined in claim 14, 
with di ( cyclohexyl ) borane and treating the product obtained 
with chio r amine-T , bromine or iodine monochlor ide , and if 
desired converting the compound of formula (5) thus 
obtained" into' a phys'ibl'ogi cal ly - accept a-bl e acid add i t i on 
salt thereof. 

23. A process for preparing a compound as 
defined in claim 14, substantially as described in any one 
of Examples 1 to 20. 

24. A pharmaceutical composition comprising a 
compound as defined in any one of claims 1 to 13 and a 
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pharmaceuti cally compatible carrier or diluent. 

25. A compound as defined in any one of claims 
to 13 for use in the treatment of a solid tumour in which 
it is known or suspected that hypoxic cells are present. 

26. Use of a compound as defined in any one of 
claims 1 to 13 in the manufacture of a medicament for the 
treatment of a solid tumour in which it is known or 
suspected that hypoxic cells are present. 
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